Background and purpose -In a previous registry report, shortterm implant survival of hip resurfacing arthroplasty (HRA) in Finland was found to be comparable to that of total hip arthroplasty (THA). Since then, it has become evident that adverse reactions to metal debris (ARMDs) may also be associated with HRA, not only with large-diameter head metal-on-metal THA. The aim of the study was to assess medium-to long-term survivorship of HRA based on the Finnish Arthroplasty Register (FAR).
Background and purpose -In a previous registry report, shortterm implant survival of hip resurfacing arthroplasty (HRA) in Finland was found to be comparable to that of total hip arthroplasty (THA). Since then, it has become evident that adverse reactions to metal debris (ARMDs) may also be associated with HRA, not only with large-diameter head metal-on-metal THA. The aim of the study was to assess medium-to long-term survivorship of HRA based on the Finnish Arthroplasty Register (FAR).
Patients The 10-year survival, with any revision as an endpoint, for reference THAs was 92% (CI: 91-92) and for all HRAs it was 86% (CI: 84-87%). Female HRA patients had about twice the revision risk of male patients. ASR had an inferior outcome: the revision risk was 4-fold higher than for BHR, the reference implant.
Interpretation -The 10-year implant survival of HRAs is 86% in Finland. According to new recommendations from NICE (The National Institute for Health and Care Excellence), an HRA/THA should have a revision rate of 5% or less at 10 years. None of the HRAs studied achieved this goal.
■
Metal-on-metal hip resurfacing arthroplasty (HRA) has theoretical advantages over total hip arthroplasty (THA) for younger patients: bone stock preservation on the femoral side, more physiological loading of the proximal femur, and a low risk of dislocation due to the large head. It has, however, become evident that adverse reactions to metal debris (ARMDs) may often be associated with HRA also, not only with large-diameter head metal-on-metal THA. The Articular Surface Replacement HRA (ASR; DePuy, Leeds, UK) and the Durom HRA (Zimmer, Warsaw, IN) have been recalled from the market due to a high prevalence of ARMDs and a high early revision rate. Other HRA devices have had variable success. The survival rate of the Birmingham Hip Resurfacing (BHR) (Smith and Nephew, Warwick, UK) has been higher than that of all other HRA devices, according to reports from national registries (AOANJRR, NJR, NZJR).
According to a previous report from the Finnish Arthroplasty Register (FAR) with data from 2001 to 2009 (Seppänen et al. 2012) , 8-year implant survival of HRA in Finland was comparable to that of THA. Lately, however, a prevalence of ARMD of no less than 7% in male patients and 9% in female patients has been reported for BHR at 10 years (Reito et al. 2014) . Disconcertingly, Bisschop et al. (2013) reported a 28% prevalence of CT-verifi ed pseudotumors for BHR by 3 years. Junnila et al. (2015) reported 17 ARMD cases in 42 BHR hips diagnosed with MRI and blood ion measurements, 7 years after the hip arthroplasty; 4 hips had been revised.
It has recently been stated that the routine use of HRA may not be justifi ed (Dunbar et al. 2014 ). In addition, resurfacing components are more costly and do not provide any additional benefi t over THA, even for younger patients (Jameson et al. 2015) . As early as May 2012, the Finnish Arthroplasty Society recommended that MoM HRAs should no longer be used (FAA 2012) . A nationwide screening of all MoM HRA and THA patients was started. The screening involved patientreported outcome measures (Oxford hip score), blood chromium and cobalt ion measurements, and radiography. This report is an update on 8-to 10-year survivorship of HRA with FAR data extending from 2001 to 2013.
Patients and methods
The FAR has collected information on total hip replacements since 1980 (Paavolainen et al. 1991 Table 2 and the indications for revision are given in Table 3 .
Statistics
The survival of the HRA devices and the reference arthroplasties was assessed by Kaplan-Meier analysis. The Cox multiple regression model was used to assess differences in revision rates of the HRA devices and to adjust for any confounding factors. Revisions were linked to the primary operation through the personal identifi cation number. The survival endpoint was defi ned as revision, when either 1 of the components or the entire implant was removed or exchanged. Revision for any reason served as an endpoint. Kaplan-Meier survival data were used to construct the survival probabilities of implants, with 95% confi dence interval (CI). HRA and THA devices of patients who died or left Finland during the follow-up period were regarded as having survived until that point. The factors studied with the Cox model were HRA device, age group, sex, diagnosis, femoral head size (classifi ed as ≤ 44 mm, 45-49 mm, 50-54 mm, and ≥ 55 mm) and hospital production volume of arthroplasties (≥ 100 or < 100 procedures).
The Cox analysis between the whole HRA group and the reference THA group showed that these factors were not useful. The sizes of the femoral heads of the reference THA group were smaller than those of the HRA group. Diagnosis and hospital volume had no effect and were censored. Female sex had no effect in the reference THA group, but the effect in the HRA group was strong and negative. Several age groups were tested, but age did not emerge as a signifi cant factor in either group. After careful analysis, we decided to compare the HRA group and the reference group without consideration of these potentially confounding factors.
The proportional-hazards assumption of the Cox models was checked by inspecting the corresponding log-log graphs. For Cox analyses comparing the HRA brands and the reference THA group, we divided the total follow-up time into 3 periods (fi rst year, second and third year combined, and fourth year onwards), because the proportional-hazards assumption was not fulfi lled for the total follow-up, as can be seen from Figure 1 .
Death of the patient and revision are competing risk in registry studies. We therefore repeated the analyses without the patients who died during follow-up (3.2% in the HRA group and 14% in the THA group) (Appendix 1, see Supplementary data). Furthermore, we performed competing risk analyses using Stata 14 statistical software (Appendix 2, see Supplementary data).
Inclusion of bilateral cases in a survival analysis violates the basic assumption that all cases are independent. However, several reports have shown that the effect of including bilateral cases in studies of hip and knee joint prosthesis survival, as done in our study, is negligible (Lie et al. 2004, Robertsson and Ranstam 2003) . The Wald test was used to test the estimated hazard ratios. Differences between groups were considered to be statistically signifi cant if the p-values were less than 0.05 in a 2-tailed test.
Results
67% of the HRA patients were male, and the mean age of the study population was 54 (9-86) years. Primary osteoarthritis was the most common diagnosis (88%) ( Table 2 ). The main reason for revision of HRAs was aseptic loosening of both components (40%), whereas THAs were most often revised due to dislocation (26%). Unspecifi ed reasons for revision ("other") were recorded for 24% of the HRA revisions and for 10% of the THA revisions (Table 3) .
The 10-year Kaplan-Meier survival was 86% (CI: 84-87) for the HRA group and 92% (CI: 91-92) for the reference THA group (Figure 1 and Table 4 ).
The ASR was associated with a higher risk of revision than the BHR (revision ratio (RR) = 4.0, CI: 3.2-4.9; p < 0.001) ( Table 5 ). The CIs for the BHR, Durom, ReCap, Converse Plus, and Corin designs overlapped considerably, and the analysis does not permit ranking among them. Female patients had about twice the revision risk of male patients (RR = 2.1, CI: 1.7-2.7; p < 0.001). A femoral head diameter of less than 44 mm was independently associated with a higher revision risk (Table 5) .
BHR and ASR were associated with a lower revision risk than the reference THA during the fi rst postoperative year. During the second and third postoperative years, ASR was associated with a higher revision risk than the reference THA. During follow-up from the fourth postoperative year onwards, BHR, Cormet, ASR, ReCap, and Converse Plus were associated with a higher risk of revision than the reference THA (Table 6 ).
The revision ratios at different follow-up time intervals for 6 HRA devices compared to uncemented reference THAand with dead patients excluded-are presented in Appendix 1. The RRs from the fourth postoperative year onwards for 6 HRA devices compared to uncemented reference THA, and with death as competing risk, are presented in Appendix 2. Revision rate of all 6 HRA devices is increased from the fourth year onwards (Appendices, see Supplementary data).
Discussion
The 10-year implant survival of HRAs is 86% in Finland. The 10-year survival of the BHR in Finland is similar to that in England and Wales (91%). According to the current NICE recommendations, the revision rate of HRAs/THAs should be no higher than 5% by 10 years. None of the HRAs in this study achieved this goal.
The cumulative rate of revision of all HRAs by 10 years in Australia was 9.8%, and that of conventional THAs was 6.8% (AOANJRR). The cumulative rate of revision of all HRAs by 10 years in England and Wales (NJR) was 13%, and that of uncemented THAs was 7.7%. Our data support these fi ndings: the overall long-term survival of conventional THAs is higher than that of HRAs. Lately, it has been stated, based on the NJR data, that there is no advantage in using resurfacing implants over THA, even in young patients (Jameson et al. 2015) . In a previous report based on data from 2001 -2009 (Seppänen et al. 2012 , we concluded that HRA had comparable 4-to 8-year survivorship to that of THA at the national level. It is now evident that this conclusion was not valid in 8-to 10-year follow-up.
The 10-year cumulative rate of revision of the BHR is 6.9% in Australia (AOANJRR) and 9.0% in England and Wales (NJR). Our registry results on BHR are similar. Excellent implant survival results have been published for the BHR based on data from single centers. 10-year survival rates as high as 97%, 15-year survival rates of 96% (Daniel et al. 2014) , and 10-year survival rates of 96% (Matharu et al. 2013) have been reported by the design center. An overall 13-year survival rate of 92% was reported for the BHR by van der Straeten et al. (2013) based on independent single-center data. The 10-year overall survival rates based on independent single centers have varied between 87% and 95% (Coulter et al. 2012 , Holland et al. 2012 , Murray et al. 2012 , Reito et al. 2014 . However, survival rates have constantly been worse for female patients, with 10-year survival rates of no more than 67% for women in younger age groups (Murray et al. 2012 ).
There has been concern about local adverse tissue reactions associated with the use of the BHR, as with other HRA devices. An ARMD prevalence of 6.9% in male patients and 8.8% in female patients has been reported for the BHR (Reito et al. 2014) . Bisschop et al. (2013) reported a 28% prevalence of CT-verifi ed pseudotumors in BHR patients by 3 years. In the current study, the revision risk for BHR was similar to that for other HRA devices except ASR. The revision risk for the BHR compared to uncemented THAs increases from the fourth postoperative year onward. The survival rate of BHRs beyond 10 years may deteriorate further compared to conventional THAs due to revisions indicated by ARMD.
The 7-year cumulative rate of revision of the ASR was 24% in Australia (AOANJRR) and the 10-year rate was 30% in England and Wales (NJR). These results are in line with ours. ASR was recalled by the manufacturer in September, 2010.
An 8-year implant survival of 96% with revision for any reason as endpoint was reported from single-center data by Vendittoli et al. (2013) for the Durom HRA. This extraordinary fi nding has not been verifi ed in population-based registry An 11-year implant survival of 93% with revision for any reason as endpoint was reported from single-center data by for the Corin Cormet HRA. The cumulative revision rate for adverse wear failure was 1% (Gross and Liu 2013) . The 10-year cumulative rate of revision of the Corin Cormet HRA was 19% in both Australia (AOANJRR) and England and Wales (NJR). Our results (14% at 10 years) are in accordance with these population-based fi ndings.
According to single-center data, the implant survival rate of the ReCap HRA is 94% over 6 years (van der Weegen et al. 2012) , 96% over 7 years , and 100% over 7 years (Borgwardt et al. 2015) . The 7-year cumulative percent probability of revision of the ReCap was 12% in Australia (AOANJRR) and 9% in England and Wales (NJR). Again, our results (9% at 8 years) are in accordance with previous population-based fi ndings.
5-year survival rates of 98% (Amstutz et al. 2007 ) and 95% (Zylberberg et al. 2015) have been reported for the Conserve Plus HRA, based on single-center data. The 10-year survival rate of the Conserve Plus cup was 98% with aseptic loosening as the endpoint (Hulst et al. 2011 ) and 89% for the Converse Plus HRA with revision for any reason as endpoint (Amstutz et al. 2010) . The 10-year cumulative rate of revision of the Conserve Plus was 14% in England and Wales (NJR). In Finland, the Conserve Plus HRA is not in common use and follow-up times are short, but we did fi nd a 5-year survival rate for the Converse Plus of 95%, which is comparable to that of other HRA devices.
In the current report, as well as in the previous one, aseptic loosening was the most common reason for revision-53% and 51%, respectively (Seppänen et al. 2012) . The most common reason for HRA revision in Australia has been loosening/lysis (33%), followed by metal-related pathology (24%), and fracture (21%) (AOANJRR). In England and Wales, the most common reason for HRA revision was pain, followed by aseptic loosening and other indications (NJR). The variation in indications for revisions between registries indicates that the defi nitions of the indications are ambiguous. Pain only or ARMD were not coded as reasons for revision in the previous pre-registry notifi cation form of the FAR. Revisions performed for ARMD were coded as performed for "other reason". There were 131 HRA revisions (24% of all revisions) performed for "other reason" in the current study, compared to 8% in the previous report (Seppänen et al. 2012) . These data have been available after the reformation of the registry on May 19, 2014.
The revision rate in women has reportedly been about twice that in men (AOANJRR, NJR). However, based on data from the Australian registry, adjustment for femoral head size eliminates female sex as an independent risk factor (Prosser et al. 2010) . On the other hand, the NARA group found that femoral head diameter alone had no effect on the early revision rate (Johanson et al. 2010) . We found that the HRA revision rate for women is twice as high as for men. We also found a higher risk of revision in the group with the smallest femoral head diameter. Perhaps somewhat surprisingly, a high hospital production volume was not associated with reduced risk of revision.
Since our study design was observational, it was vulnerable to omission of variables, which may have confounded our fi ndings. Potentially important variables such as comorbidity and socioeconomic status were not available. In addition, important clinical information (such as radiological data, patient-reported outcome measure data, and data on blood metal ion concentrations) was not available.
Supplementary data
Appendix 1 and 2, are available on the website of Acta Orthopaedica (www.actaorthop.org), identifi cation number 9663.
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